The plasma and erythrocyte volumes of 18 rabbit fetuses delivered by caesarean section on day 30 of gestation were measured by a double labelling radioisotope technique after separation from the placenta. These late gestation fetuses were viable. A negative correlation was found between the bodyweight of the neonate and its blood volume expressed as a percentage of bodyweight. The equation of the linear regression line was Y = 92'3 -3·9X. The haematocrit was 0'494 ± 0'029 1/1.
Summary
The plasma and erythrocyte volumes of 18 rabbit fetuses delivered by caesarean section on day 30 of gestation were measured by a double labelling radioisotope technique after separation from the placenta. These late gestation fetuses were viable. A negative correlation was found between the bodyweight of the neonate and its blood volume expressed as a percentage of bodyweight. The equation of the linear regression line was Y = 92'3 -3·9X. The haematocrit was 0'494 ± 0'029 1/1.
The rabbit and its fetus and neonate are used extensively as an experimental animal in biology because of its availability, relative inexpensiveness, short gestational period and large litter size. In many experiments it is necessary to know the plasma or blood volume in order to describe accurately the results. The adult blood volume has been reported by many authors (Armin, Grant, Pels & Reeve, 1952; Zizza & Reeve, 1958; Mott, 1967; Robinson & Warren, 1972) . However, a review of the literature revealed few blood volume measurements in the fetal or neonatal rabbit. Barcroft (1946) reported the blood volume in the fetal rabbit circulation, and Wintrobe & Shumacker (1936) reported values of fetal, neonatal and adult haematocrits.
This paucity of data in the literature pertaining to fetal and neonatal rabbit blood volumes and the necessity of knowing the plasma and blood volume of the newborn rabbit in our experiments delivered on day 30 of gestation prompted the investigation.
Materials and methods 4 pregnant New Zealand White rabbits with known breeding dates were sacrificed by a blow on the back of the head and fetuses delivered by caesarean section on day 30 of gestation. These neonates were found to be viable. The umbilical cords were ligated immediately and fetuses were placed in a warming oven at 35°C. 1 neonate from each litter was decapitated and approximately 1'5 ml blood collected in a heparinized beaker. This blood was Received 21 September 1982 . Accepted 27 April 1983 used as a source of erythrocytes for radioactive labelling.
Neonatal blood volumes were determined by a double-isotope dilution technique, usin f radioactive iodinated human serum albumin e 2 I-RISA) to measure plasma volume and radioactive sodium chromate-51-labelled erythrocytes (51 Cr-RBC) to measure red cell volume (isotopes were obtained from Charles E. Frosst, Montreal, Canada). Labelling of the donor blood was carried out according to the method described by Nirmalan & Robinson (1973) . Neonates were given approximately 0·1 ml whole blood injection containing 1 mCi/ml 125 1_ RISA and 5 mCi/ml 51 Cr04-RBC. A 1-ml disposable tuberculin syringe fitted with a 26-gauge hypodermic needle was filled to approximately the 0'1 mark and then weighed for an accurate small volume determination. After infiltration with local anaesthetic (lidocaine HCI, 2% Armitage Carroll Ltd, London, Canada), a skin incision was made to expose the jugular vein embedded in brown adipose tissue of pre weighed neonates. Blood lost by this technique was negligible. The labelled blood was injected in a smooth rapid motion and the syringe and needle were re-weighed to determine the amount of radioactivity injected. If there was a significant blood loss or loss of labelled blood during the injection, the neonate was discarded from the study. Successful injections were made into 18 neonates ranging in weight from 38'5 -66'5 g.
Following a successful injection, the neonate was placed in a warming oven to allow circulation and miXing of labelled blood. 5 min postinjection the neonate was removed from the oven, decapitated and the blood allowed to drip into a beaker containing 3 drops of heparin. From the blood collected duplicate haematocrit tubes were filled and approximately 1'0 ml whole blood was transferred to pre weighed counting vials. Vials were weighed to determine the weight of radioactive blood in tube and then counted in a welltype scintillation counter (Nuclear Chicago Corporation Model 4233 i Illinois, U.S.A.). Correction was made for the 5 Cr activity counted in the 125 I channel.
The haematocrits were determined by a micro-capillary technique after centrifugation for 15 min at 11 500 rpm in a micro capillary centrifuge.
To estimate the loss of 125I_RISA from the neonatal circulation, 3 neonates were given 1251_ RISA by the technique previously described. At 10, 20 and 30 min postinjection blood was collected into 100 J..LI microsampling capillary tubes, centrifuged and the radioactivity determined for a known weight of plasma. For such small volume work, all aliquots were expressed as a weight which mixes grams and millilitres. Thus, the density of blood, 1'1 g/cc, was used to convert the weights to millilitres.
Results
The results of the plasma volume, total blood volume, total erythrocyte volume and haematocrit determinations are shown in Table 1 . Analysis of covariance showed a significant negative correlation (P<O'OOI) between blood volume expressed as a % of bodyweight and the body weight of the neonate. The linear regression line of the 2 variables has been plotted (Fig. 1) . The correlation coefficient was -0'65. The haematocrit averaged 0'493 ± 0'029 1{1after correction for trapped plasma (Chaplin & Mollison, 1952) .
The results of the experiment to determine the loss of 125I_RISA from the circulation were analysed and the equation of the regression line of radioactivity against time was calculated. By sampling at 5 min postinjection, art.roximately 3500 cpm or 3'3% of the injected 1 I-RISA was 295 lost. The data have been corrected for an overestimation in plasma volume of approximately 0'15 ml or 9'0%.
Discussion
Our data suggest that there is a negative correlation between the blood volume of newborn rabbits delivered by caesarean section on day 30 of gestation and their body weight. Therefore, it is not possible to calculate an average blood volume based on bodyweight, but an approximation can be obtained from the regression line. The blood volume as a % of bodyweight ranged from 8'17-13'59. This range was greater than the 7'65% reported by Barcroft (1946) for 2 30-day fetuses. Barcroft had calculated the value from data reported by Cohnstein & Zuntz (1884) but the 2 fetuses were dead and their exact age was not known. Thus a comparison of our value and Barcroft's is not valid. However, the blood volume of late term fetal sheep has been reported to be 10'4% of body weight (Creasy, Drost, Green & Morris, 1970) and of the newborn calf to be 8'4% (Mollerberg, Ekman & Jacobson, 1975) .
The haematocrit value of 0'494 ± 0'029 III obtained in our experiments was similar to the value of approximately O' 50 1/1 reported by Wintrope & Shumacker (1936), but greater than the 0'441 1/1 reported by Altman & Dittmer (1961) . We routinely obtain haematocrit values of approximately 0'50 1/1 in newborn rabbits in our laboratory, including those in which no inva- sive procedures are carried out. It is recognized that whole body haematocrit values differ from those values obtained from the venous circulation and that some plasma may be trapped in the column of erythrocytes.
For that reason, we have corrected our values for a trapped plasma factor of 0'95 (Chaplin & Mollison, 1952 ).
In addition, our results indicate that 125I_RISA was lost from the neonatal circulation within 5 min of injection, thereby causing an overestimation of the plasma volume by 9%. This overestimation was greater than the overestimation in
